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@  Modular  mould  system  and  method  for  continuous  casting  of  metal  ingots. 

@  A  modular  mould  system  and  method  are  described  for 
continuous  casting  of  metal  ingots.  The  system  includes:  (a)  a 
hollow  cylindrical  body  adapted  to  be  mounted  in  a  casting  ta- 
ble,  (b)  an  annular  water  baffle  removably  mounted  in  said 
body,  said  baffle  having  a  central  opening  through  which  a 
forming  ingot  passes  and  said  baffle  providing  a  flow  path  for 
cooling  water  to  flow  radially  inwardly  from  the  body  and  dis- 
charge  inwardly  and  downwardly  against  a  forming  ingot  pass- 
ing  through  the  central  opening,  (c)  an  annular  mould  remov- 
ably  mounted  in  the  body  immediately  above  the  water  baffle 
having  a  central  forming  cavity  for  forming  a  metal  ingot,  said 
forming  cavity  having  a  smaller  diameter  than  the  central  open- 
ing  of  the  water  baffle,  (d)  a  feed  inlet  for  molten  metal  compris- 
ing  an  insulating  ring  removably  mounted  within  the  body  im- 
mediately  above  the  mould,  the  outer  diameter  of  said  insulat- 
ing  ring  being  less  than  the  diameter  of  the  body,  (e)  a  pressure 
ring  removably  mounted  in  the  body  in  the  annual  gap  between 
the  body  and  the  outer  diameter  of  the  insulating  ring,  and  (f) 
a  cover  plate  adapted  to  compress  the  components  of  the 
mould  system  together.  The  annular  members  are  selectively 
replaced  with  ones  of  variable  inner  diameter  or  length  depend- 
ing  upon  the  diameter  of  ingot  desired  and  the  composition  of 
the  metal  being  cast. 
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M o d u l a r   mould   s y s t e m   and  m e t h o d   f o r   c o n t i n u o u s   c a s t i n g  

of  m e t a l   i n g o t s  

T h i s   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d   mould   s y s t e m   a n d  

m e t h o d   f o r   t h e   v e r t i c a l   c o n t i n u o u s   c a s t i n g   of  m o l t e n  

m e t a l s ,   s u c h   as  a l u m i n i u m ,   to  p r o v i d e   s o l i d i f i e d   c i r c u l a r  

c r o s s   s e c t i o n   i n g o t s   f o r   f u r t h e r   p r o c e s s i n g   i n t o  

5  s e m i - f a b r i c a t e d   m e t a l   p r o d u c t s .   More  p a r t i c u l a r l y ,   t h e  

i n v e n t i o n   r e l a t e s   to  a  mould   a p p a r a t u s   f o r   u se   i n  

c o n j u n c t i o n   w i t h   a  v e r t i c a l ,   d i r e c t   c h i l l   c a s t i n g   s y s t e m  

f o r   a l u m i n i u m ,   m a g n e s i u m   and  t h e i r   a l l o y s .  

10  ••  I t   is  w e l l   known  to  t h o s e   s k i l l e d   in  t h e   a r t   of  d i r e c t  

c h i l l   c a s t i n g   t h a t   i n g o t s   of  t h e   h i g h e s t   s u r f a c e   a n d  

i n t e r n a l   q u a l i t y   can   be  c a s t   when  t h e   mould  l e n g t h   is   v e r y  
s h o r t   and  p r e c i s e l y   c o o r d i n a t e d   w i t h   t h e   a l l o y ,   d i a m e t e r  

and  c a s t i n g   s p e e d   of  e a c h   p a r t i c u l a r   p r o d u c t   i t   is  d e s i r e d  

15  to  p r o d u c e .   T h i s   is  s h o w n ,   f o r   e x a m p l e ,   in  M c C u b b i n   U . S .  

P a t e n t   4 , 0 7 1 , 0 7 2 .   Only   by  u s i n g   v e r y   s h o r t   m o u l d s   of  t h e  

o r d e r   of  1 0 - 4 0   mm  in  l e n g t h   can   t h e   d i r e c t   c h i l l   c o o l i n g  

e f f e c t   be  u t i l i s e d   to   o v e r c o m e   t he   i n e v i t a b l e   l o s s   o f  

i n g o t - m o u l d   c o n t a c t   w h i c h   r e s u l t s   f r o m   t h e   f o r m a t i o n   of  t h e  

20  a i r - g a p .  

T h e r e   a r e   a  n u m b e r   of  new  mould   d e s i g n s   b a s e d   upon   t h e  

a b o v e   p r i n c i p l e s ,   w h i c h   a r c   e q u a l l y   c a p a b l e   of  c a s t i n g  

i n g o t s   of  v e r y   h i g h   s u r f a c e   and  i n t e r n a l   q u a l i t y .   H o w e v e r ,  

25  a l l   of  t he   new  mould   d e s i g n s   a r e   c h a r a c t e r i s t i c a l l y   c o m p l e x  

in  d e s i g n ,   u t i l i s e   e x p e n s i v e   m a t e r i a l s ,   m u s t   be  b u i l t   t o  

c l o s e   t o l e r a n c e s ,   and  h e n c e   a r e   r e l a t i v e l y   i n f l e x i b l e   i n  

t e r m s   of  b e i n g   a b l e   to   c a s t   h i g h   q u a l i t y   i n g o t   o n l y   of  t h e  

s p e c i f i c   a l l o y   and  i n g o t   d i a m e t e r   f o r   w h i c h   t h e   mould   i s  

30  d e s i g n e d   and  c o n s t r u c t e d .  

U n l i k e   t h e   c a s t i n g   of  v e r y   l a r g e   r e c t a n g u l a r   i n g o t s ,  

w h i c h   a r e   c a s t   o n l y   in  s m a l l   n u m b e r s   s i m u l t a n e o u s l y ,   t h e  

m a j o r   m a r k e t   f o r   r o u n d   c r o s s - s e c t i o n   i n g o t s   is   in  s m a l l   t o  

35  medium  d i a m e t e r s ,   in  t he   r a n g e   of  125  to   250  mm.  In  o r d e r  
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to  o b t a i n   h i g h   p r o d u c t i v i t y ,   l a r g e   n u m b e r s   of  i n g o t s ,   e . g .  
24  to  96 ,   mus t   be  c a s t   s i m u l t a n e o u s l y .   A c c o r d i n g l y ,   m o u l d  

i n v e n t o r y   c o s t s   a r e   v e r y   h i g h   f o r   a  p l a n t   p r o d u c i n g   a  w i d e  

r a n g e   of   a l l o y s   and  i n g o t   d i a m e t e r s   u s i n g   t h e   n e w  
5  g e n e r a t i o n   m o u l d s   c a p a b l e   of  c a s t i n g   v e r y   h i g h   q u a l i t y  

i n g o t .  

I t   is  an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e   a  

s i m p l i f i e d   mould   s y s t e m   w h i c h   w i l l   be  c a p a b l e   of  c a s t i n g  
10  v e r y   h i g h   q u a l i t y   i n g o t s   w h i l e   g r e a t l y   d e c r e a s i n g   t h e   c o s t  

of  mould   i n v e n t o r y .  

A c c o r d i n g   to   one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   t h e r e  

is   p r o v i d e d   a  m o d u l a r   mould   s y s t e m   f o r   t h e   c o n t i n u o u s  
15  d i r e c t   c h i l l   c a s t i n g   of  l i g h t '   m e t a l   i n g o t s   c h a r a c t e r i s e d  

b y : -  

(a)  a  h o l l o w   c y l i n d r i c a l   body   f o r   m o u n t i n g   in  a  

s u i t a b l e   a p e r t u r e   in  a  c a s t i n g   t a b l e   and  h a v i n g  
20  a t   l e a s t   one  p a s s a g e   p a s s i n g   r a d i a l l y  

t h e r e t h r o u g h ;  

(b)  an  a n n u l a r   w a t e r   b a f f l e   r e m o v a b l y   m o u n t e d   in  t h e  

body   and  h a v i n g   a  c e n t r a l   o p e n i n g   t h r o u g h   w h i c h  
25  a  f o r m i n g   i n g o t   p a s s e s ,   t h e   b a f f l e   p r o v i d i n g   a  

f l o w   p a t h   c o m m u n i c a t i n g   w i t h   t h e   p a s s a g e   f o r  

c o o l i n g   w a t e r   to   f l o w   t h r o u g h   t h e   b o d y   and  t h e  

b a f f l e   and  d i s c h a r g e   i n w a r d l y   and  d o w n w a r d l y  

a g a i n s t   a  f o r m i n g   i n g o t   p a s s i n g   t h r o u g h   t h e  
30  c e n t r a l   o p e n i n g   a n d  

(c)  an  a n n u l a r   mould   r e m o v a b l y   m o u n t e d   in  t h e   b o d y  

i m m e d i a t e l y   a b o v e   t h e   b a f f l e   and  h a v i n g   a  

c e n t r a l   f o r m i n g   c a v i t y   f o r   f o r m i n g   a  m e t a l  

35  i n g o t ,   t h e   f o r m i n g   c a v i t y   b e i n g   s y m m e t r i c a l l y   i n  

r e g i s t e r   w i t h   and  b e i n g   s m a l l e r   t h a n   t h e   c e n t r a l  

o p e n i n g   of   t h e   b a f f l e  
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t h e   b a f f l e   and  t h e   mould   b e i n g   s e l e c t i v e l y   r e p l a c e a b l e  

w i t h   o t h e r s   of  d i f f e r e n t   i n n e r   d i a m e t e r   and  d i f f e r e n t  

l e n g t h .  

5  A n o t h e r   a s p e c t   of  t he   i n v e n t i o n   p r o v i d e s   a  m o d u l a r  

mould  s y s t e m   f o r   c o n t i n u o u s   c a s t i n g   of  m e t a l   i n g o t s  

c o m p r i s i n g :  

(a)  a  h o l l o w   c y l i n d r i c a l   body   a d a p t e d   to   be  m o u n t e d  

10  in  a  c a s t i n g   t a b l e ,  

(b)  an  a n n u l a r   w a t e r   b a f f l e   r e m o v a b l y   m o u n t e d   i n  

s a i d   b o d y ,   s a i d   b a f f l e   h a v i n g   a  c e n t r a l   o p e n i n g  

t h r o u g h   w h i c h   a  f o r m i n g   i n g o t   p a s s e s   and  s a i d  

15  b a f f l e   p r o v i d i n g   a  f l o w   p a t h   f o r   c o o l i n g   w a t e r  

to   f l o w   r a d i a l l y   i n w a r d l y   f rom  t h e   body   a n d  

d i s c h a r g e   i n w a r d l y   and  d o w n w a r d l y   a g a i n s t   a  

f o r m i n g   i n g o t   p a s s i n g   t h r o u g h   t h e   c e n t r a l  

o p e n i n g ,  
20 

(c)  an  a n n u l a r   mould  r e m o v a b l y   m o u n t e d   in  t h e   b o d y  

i m m e d i a t e l y   a b o v e   t h e   w a t e r   b a f f l e   h a v i n g   a  

c e n t r a l   f o r m i n g   c a v i t y   f o r   f o r m i n g   a  m e t a l  

i n g o t ,   s a i d   f o r m i n g   c a v i t y   h a v i n g   a  s m a l l e r  
25  d i a m e t e r   t h a n   t h e   c e n t r a l   o p e n i n g   of  t h e   w a t e r  

b a f f l e ,  

(d)  a  f e e d   i n l e t   f o r   m o l t e n   m e t a l   c o m p r i s i n g   a n  

i n s u l a t i n g   r i n g   r e m o v a b l y   m o u n t e d   w i t h i n   t h e  

30  body   i m m e d i a t e l y   a b o v e   t h e   m o u l d ,   t h e   o u t e r  

d i a m e t e r   of  s a i d   i n s u l a t i o n   r i n g   b e i n g   l e s s   t h a n  

t h e   d i a m e t e r   of  t h e   b o d y ,  

(e)  a  p r e s s u r e   r i n g   r e m o v a b l y   m o u n t e d   in  t h e   body   i n  

35  t h e   a n n u a l   gap  b e t w e e n   t h e   body   and  t h e   o u t e r  

d i a m e t e r   of  t he   i n s u l a t i o n   r i n g ,   a n d  
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(f)  a  c o v e r   p l a t e   a d a p t e d   to  c o m p r e s s   t h e   c o m p o n e n t s  
of  t h e   mould   s y s t e m   t o g e t h e r ,  

a t   l e a s t   s a i d   a n n u l a r   m e m b e r s   b e i n g   s e l e c t i v e l y  
5  r e p l a c e a b l e   w i t h   o n e s   of  v a r i a b l e   i n n e r   d i a m e t e r   o r  

l e n g t h .  

W i t h   t h e   m o d u l a r   mould   s y s t e m   of  t h i s   i n v e n t i o n ,  

r a t h e r   t h a n   h a v i n g   to  r e p l a c e   t h e   e n t i r e   s t r u c t u r e   e a c h  

10  t i m e   a  d i f f e r e n t   a l l o y   a n d / o r   i n g o t   s i z e   is  to  be  p r o d u c e d ,  

o n l y   c e r t a i n   of  t h e   m o d u l a r   p a r t s   need   be  r e p l a c e d .   T h u s ,  

d e p e n d i n g   on  t h e   d i a m e t e r   or  a l l o y   of  t h e   i n g o t   to  b e  

p r o d u c e d ,   i t   may  be  n e c e s s a r y   to  r e p l a c e   o n l y   two  or  t h r e e  

m o d u l a r   p a r t s ,   r a t h e r   t h a n   to  r e p l a c e   t h e   e n t i r e   m o u l d  
15  s t r u c t u r e   as  is  now  c o n v e n t i o n a l .  

T h i s   p r o v i d e s   a  g r e a t   s a v i n g   in  t h e   mould   i n v e n t o r y  

r e q u i r e d   f o r   p r o d u c i n g   i n g o t s   of  many  d i f f e r e n t   d i a m e t e r s  

and  a l l o y s   . 
20 

In  t h e   d r a w i n g s   w h i c h   i l l u s t r a t e   t h e   i n v e n t i o n :  

F i g u r e   1  is  an  e x p l o d e d   v i ew  of  one  e m b o d i m e n t   of  t h e  

i n v e n t i o n ;  

25 

F i g u r e   2  is  a  c r o s s - s e c t i o n a l   v i e w   of  an  a s s e m b l e d  

mould   s y s t e m ;  

F i g u r e   3  is  a  c r o s s - s e c t i o n a l   v i ew   of  a  f u r t h e r  

30  e m b o d i m e n t   of  t h e   i n v e n t i o n ;   a n d  

F i g u r e   4  is  a  c r o s s - s e c t i o n a l   v i e w   of  a  s t i l l   f u r t h e r  

e m b o d i m e n t   of  t h e   i n v e n t i o n .  

35  F i g .   1  is   to   be  r e f e r r e d   to  in  r e s p e c t   of   t h e  

c o n s t r u c t i o n s   shown  in  f i g s .   2,  3  and  4  to  e n h a n c e   a n  

u n d e r s t a n d i n g   t h e r e o f .  
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F i g u r e   2  shows  a  m o d u l a r   mould  s y s t e m   d e s i g n e d   to  c a s t  

a  152  mm  d i a m e t e r   i n g o t   u s i n g   a  mould  h a v i n g   a  l e n g t h   of  20  

mm.  A  c a s t i n g   t a b l e   may  c o n t a i n   as  many  as  96  i n d i v i d u a l  

•  •  m o u l d s   d e p e n d i n g   upon   t he   d i a m e t e r   of  t he   p r o d u c t   to   b e  

5  c a s t .   S u p p o r t e d   by  c a s t i n g   t a b l e   b o t t o m   p l a t e   10  and  t o p  

p l a t e   11  is  a  h o l l o w   c y l i n d r i c a l   body  12  w h i c h   is   t h e   m a i n  

s u p p o r t   s t r u c t u r e   f o r   t he   i n t e r n a l   c o m p o n e n t s .   T h i s   b o d y  

12  is  s n u g l y   h e l d   w i t h i n   a  h o l e   in  t a b l e   b o t t o m   p l a t e   10  b y  

means   of  an  O - r i n g   32  and  h e l d   w i t h i n   a  h o l e   in  t op   p l a t e  

10  11  by  means   of  O - r i n g   30.   I t   is  f a s t e n e d   to  t o p   p l a t e   1 1  

by  means   of  s c r e w   2 7 .  

The  b o t t o m   end  of  body   12  c o m p r i s e s   an  i n w a r d  

p r o j e c t i o n   13  f o r m i n g   on  t h e   top   edge   t h e r e o f   an  a n n u l a r  

15  s u p p o r t   s h o u l d e r   14 .   S u p p o r t e d   on  t h i s   s h o u l d e r   14  is  a n  

a n n u l a r   w a t e r   b a f f l e   15,   p r e f e r a b l y   f a b r i c a t e d   of  s t e e l .  

T h i s   w a t e r   b a f f l e   p r o v i d e s   w a t e r   c o n d u i t s   16  f o r   d e l i v e r i n g  

c o o l i n g   w a t e r   f rom  w a t e r   i n l e t s   17  in  body   12  to   t h e   i n n e r  

edge   of  t h e   b a f f l e .   T h e r e ,   t h e   w a t e r   is  s p r a y e d   in  a n  

20  i n w a r d   and  downward   d i r e c t i o n   o n t o   a  f o r m i n g   i n g o t   ( n o t  

shown)  e m e r g i n g   f r o m   t h e   i n g o t   m o u l d .  

D i r e c t l y   a b o v e   t he   w a t e r   i n l e t   and  w a t e r   b a f f l e   is  t h e  

mould  p r o p e r   18.   The  i n n e r   c y l i n d r i c a l   w a l l   26  of  t h e  

25  mould   18  is  of  t h e   a p p r o p r i a t e   d i m e n s i o n s   to   p r o d u c e   t h e  

d e s i r e d   c i r c u l a r   c r o s s - s e c t i o n   i n g o t   w i t h   v e r y   h i g h   s u r f a c e  

q u a l i t y   and  i n t e r n a l   q u a l i t y .   The  o u t e r   c y l i n d r i c a l   w a l l  

of  mould   18  is  d e s i g n e d   to  f i t   s n u g l y   w i t h i n   body   12 ,   w i t h  

a s s i s t a n c e   of  0 - r i n g s   31.   A  p o r t i o n   of  t h e   w a t e r   c o n d u i t  

30  16  is  in  t h e   fo rm  of  a  gap  b e t w e e n   a  p o r t i o n   of  t h e   b o t t o m  

f a c e   of  mould   18  and  a  p o r t i o n   of  t h e   top   f a c e   of  w a t e r  

b a f f l e   15.   T h i s   gap  p r e f e r a b l y   l o o p s   u p w a r d l y   w i t h i n   t h e  

mould  to   p r o v i d e   c o o l i n g   of  t h e   mould  by  t h e   w a t e r .  

3-5  An  a n n u l a r   o i l   p l a t e   19  is  p o s i t i o n e d   d i r e c t l y   a b o v e  

t h e   mould   18  and  t h i s   p l a t e   has   g r o o v e s   ( n o t   shown)   in  t h e  

b o t t o m   f a c e   t h e r e o f   p r o v i d i n g   a c c e s s   f o r   l u b r i c a t i n g   o i l   t o  

t h e   i n n e r   w a l l   26  c f   t he   mou ld   18.   O i l   is  i n t r o d u c e d  
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t h r o u g h   i n l e t   20  in  t h e   u p p e r   f l a n g e   21  of  t h e   b o d y   1 2 .  

An  a n n u l a r   p r e s s u r e   r i n g   22,   p r e f e r a b l y   of  s t e e l ,   i s  

m o u n t e d   s n u g l y   w i t h i n   body   12  d i r e c t l y   a b o v e   t h e   o i l   p l a t e  

5  19 .   T h i s   r i n g   22  a p p l i e s   p r e s s u r e   to  t h e   mould   18  a n d  

w a t e r   b a f f l e   15,   h o l d i n g   t hem  f i r m l y   t o g e t h e r .   I t   i n c l u d e s  

an  O - r i n g   s e a l   34  a b o v e   t h e   o i l   i n l e t   20  to  p r o v i d e   a  t i g h t  

s e a l   b e t w e e n   r i n g   22  and  body   12.   E x t e n d i n g   d o w n w a r d l y  

b e l o w   O - r i n g   34  is  an  a n n u l a r   gap  35  down  t h r o u g h   w h i c h   o i l  

10  t r a v e l s   to   o i l   p l a t e   19 .   The  b o t t o m   f a c e   of  p r e s s u r e   r i n g  

22  i n c l u d e s   a  f u r t h e r   O - r i n g   33  to  p r o v i d e   a  s e a l   b e t w e e n  

t h e   p r e s s u r e   r i n g   22  and  o i l   p l a t e   19 ,   t h e r e b y   a s s u r i n g  

t h a t   t h e   o i l   t r a v e l s   o n l y   a l o n g   t h e   t o p   f a c e   of  mould  1 8 .  

A d j a c e n t   t h e   i n n e r   c y l i n d r i c a l   w a l l   of  p r e s s u r e   r i n g   22  a r e  

15  m o u n t e d   i n s u l a t i o n   r i n g s   23,   p r e f e r a b l y   made  of  a  c e r a m i c  

i n s u l a t i n g   m a t e r i a l .   F i n a l l y   t h e r e   is  m o u n t e d   o v e r   t h e  

e n t i r e   a s s e m b l y   a  c o v e r   p l a t e   24  w h i c h   is  b o l t e d   to  f l a n g e  

21  of  b o d y   12  by  means   of  b o l t s   25 .   By  t i g h t e n i n g   t h e  

b o l t s   25,   t h e   c o m p o n e n t s   of  t h e   mould   a s s e m b l y   as  d e s c r i b e d  

20  a b o v e   a r e   t i g h t l y   h e l d   in  t h e i r   c o r r e c t   r e l a t i o n s h i p   f o r  

u s e .   To  p r o v i d e   some  r e s i l i e n c e   w i t h i n   t h e   a s s e m b l y ,  

e l a s t o m e r i c   s p r i n g s   28  a r e   m o u n t e d   in  p o c k e t s   b e t w e e n   c o v e r  

p l a t e   24  and  p r e s s u r e   r i n g   22.   T h i s   a s s u r e s   t h a t   u n i f o r m  

p r e s s u r e   is  t r a n s m i t t e d   by  p r e s s u r e   r i n g   22  to  t h e   mould  1 8  

25  and  w a t e r   b a f f l e   15.   A  f u r t h e r   r e s i l i e n c e   is  p r o v i d e d   i n  

t h e   a s s e m b l y   by  means   of  a  c o m p r e s s i b l e   i n s u l a t i n g   g a s k e t  

29,   f o r   e x a m p l e   as  s o l d   u n d e r   t h e   T r a d e   Mark  F i b r e f r a x ,  

m o u n t e d   b e t w e e n   c o v e r   p l a t e   24  and  i n s u l a t i n g   r i n g s   2 3 .  

30  I f   t h e   a s s e m b l y   is  to   be  c h a n g e d   to  c a s t   a  l a r g e r  

d i a m e t e r   i n g o t ,   e . g .   one  h a v i n g   a  d i a m e t e r   of  178  mm,  t h e n  

p a r t s   15 ,   18  and  19  a r e   r e p l a c e d   by  p a r t s   15A,  18A  and  19A 

as  shown  in  F i g u r e   3 .  

35  i t   can   be  s e e n   t h a t   t h e   w a t e r   b a f f l e   15A  has  a n  

i d e n t i c a l   o u t e r   d i a m e t e r   b u t   a  g r e a t e r   i n n e r   d i a m e t e r   t h a n  

w a t e r   b a f f l e   15 .   The  mould   18A  a l s o   has   an  i d e n t i c a l   o u t e r  

d i a m e t e r   to   mould   18 ,   w h i l e   h a v i n g   a  g r e a t e r   i n n e r   d i a m e t e r  
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t h a n   mould  18  of  178  mm.  The  o i l   p l a t e   19A  a l s o   has   a n  

i d e n t i c a l   o u t e r   d i a m e t e r   and  a  g r e a t e r   i n n e r   d i a m e t e r   t h a n  

o i l   p l a t e   19.   I t   is  n o t   n e c e s s a r y   to  c h a n g e   t h e   p r e s s u r e  

r i n g   22,   i n s u l a t i n g   r i n g   23  and  c o v e r   p l a t e   24  w h e n  

5  c h a n g i n g   p r o d u c t i o n   b e t w e e n   152  mm  d i a m e t e r   i n g o t s   and  1 7 8  

mm  d i a m e t e r   i n g o t s .  

When  t h e   c o m p o s i t i o n   of  t h e   a l l o y   is  c h a n g e d ,   i t   m a y  
be  n e c e s s a r y   to  c h a n g e   t he   l e n g t h   of  t he   mould   even   i f   t h e  

10  d i a m e t e r   is  u n c h a n g e d .   T h u s ,   F i g u r e   4  shows   a  m o u l d  

a s s e m b l y   in  w h i c h   t h e   mould   18B  has   t h e   same  d i a m e t e r   a s  

mould   18A  in  F i g u r e   3,  b u t   has   as  g r e a t   l e n g t h   of  40  mm. 

T h i s   r e q u i r e s   a  d i f f e r e n t   w a t e r   b a f f l e   15B  s u c h   t h a t   t h e  

t o t a l   l e n g t h   of  t h e   mould  18B  and  w a t e r   b a f f l e   15  r e m a i n s  

15  u n c h a n g e d .   No  o t h e r   c h a n g e   of  c o m p o n e n t s   is  n e c e s s a r y .  

20 
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C l a i i t t s  

1.  A  m o d u l a r   mould   s y s t e m   f o r   t h e   c o n t i n u o u s   d i r e c t   c h i l l  

c a s t i n g   of  l i g h t   m e t a l   i n g o t s   c h a r a c t e r i s e d   b y : -  

(a)  a  h o l l o w   c y l i n d r i c a l   body   f o r   m o u n t i n g   in  a  

5  s u i t a b l e   a p e r t u r e   in  a  c a s t i n g   t a b l e   and  h a v i n g  

a t   l e a s t   one  p a s s a g e   p a s s i n g   r a d i a l l y  

t h e r e t h r o u g h ;  

(b)  an  a n n u l a r   w a t e r   b a f f l e   r e m o v a b l y   m o u n t e d   in  t h e  

10  body   and  h a v i n g   a  c e n t r a l   o p e n i n g   t h r o u g h   w h i c h  

a  f o r m i n g   i n g o t   p a s s e s ,   t h e   b a f f l e   p r o v i d i n g   a  

f l o w   p a t h   c o m m u n i c a t i n g   w i t h   t h e   p a s s a g e   f o r  

c o o l i n g   w a t e r   to  f l o w   t h r o u g h   t h e   b o d y   and  t h e  

b a f f l e   and  d i s c h a r g e   i n w a r d l y   and  d o w n w a r d l y  

15  a g a i n s t   a  f o r m i n g   i n g o t   p a s s i n g   t h r o u g h   t h e  

c e n t r a l   o p e n i n g   a n d  

(c)  an  a n n u l a r   mould   r e m o v a b l y   m o u n t e d   in  t h e   b o d y  

i m m e d i a t e l y   a b o v e   t h e   b a f f l e   and  h a v i n g   a  

20  c e n t r a l   f o r m i n g   c a v i t y   f o r   f o r m i n g   a  m e t a l  

i n g o t ,   t h e   f o r m i n g   c a v i t y   b e i n g   s y m m e t r i c a l l y   i n  

r e g i s t e r   w i t h   and  b e i n g   s m a l l e r   t h a n   t h e   c e n t r a l  

o p e n i n g   of  t h e   b a f f l e  

25  t h e   b a f f l e   and  t h e   mould   b e i n g   s e l e c t i v e l y   r e p l a c e a b l e  

w i t h   o t h e r s   of  d i f f e r e n t   i n n e r   d i a m e t e r   and  d i f f e r e n t  

l e n g t h .  

2.  A  m o d u l a r   mould   s y s t e m   f o r   c o n t i n u o u s   c a s t i n g   of  m e t a l  

30  i n g o t s   c o m p r i s i n g :  

(a)  a  h o l l o w   c y l i n d r i c a l   body   a d a p t e d   to   be  m o u n t e d  

in  a  c a s t i n g   t a b l e ,  

35 
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(b)  an  a n n u l a r   w a t e r   b a f f l e   r e m o v a b l y   m o u n t e d   i n  

s a i d   b o d y ,   s a i d   b a f f l e   h a v i n g   a  c e n t r a l   o p e n i n g  

t h r o u g h   w h i c h   a  f o r m i n g   i n g o t   p a s s e s   and  s a i d  

b a f f l e   p r o v i d i n g   a  f l o w   p a t h   f o r   c o o l i n g   w a t e r  

5  to  f l o w   r a d i a l l y   i n w a r d l y   f rom  t h e   body   a n d  

d i s c h a r g e   i n w a r d l y   and  d o w n w a r d l y   a g a i n s t   a  

f o r m i n g   i n g o t   p a s s i n g   t h r o u g h   t h e   c e n t r a l  

o p e n i n g ,  

10  (c)  an  a n n u l a r   mould  r e m o v a b l y   m o u n t e d   in  t h e   b o d y  

i m m e d i a t e l y   a b o v e   t he   w a t e r   b a f f l e   h a v i n g   a  

c e n t r a l   f o r m i n g   c a v i t y   f o r   f o r m i n g   a  m e t a l  

i n g o t ,   s a i d   f o r m i n g   c a v i t y   h a v i n g   a  s m a l l e r  

d i a m e t e r   t h a n   t he   c e n t r a l   o p e n i n g   of  t h e   w a t e r  

15  b a f f l e ,  

(d)  a  f e e d   i n l e t   f o r   m o l t e n   m e t a l   c o m p r i s i n g   a n  

i n s u l a t i n g   r i n g   r e m o v a b l y   m o u n t e d   w i t h i n   t h e  

body   i m m e d i a t e l y   a b o v e   t h e   mould   ,  t h e   o u t e r  

20  d i a m e t e r   of  s a i d   i n s u l a t i o n   r i n g   b e i n g   l e s s   t h a n  

t h e   d i a m e t e r   of  t h e   b o d y ,  

(e)  a  p r e s s u r e   r i n g   r e m o v a b l y   m o u n t e d   in  t h e   body   i n  

t h e   a n n u a l   gap  b e t w e e n   t h e   body   and  t h e   o u t e r  

25  d i a m e t e r   of  t h e   i n s u l a t i o n   r i n g , ,   a n d  

(f)  a  c o v e r   p l a t e   a d a p t e d   to  c o m p r e s s   t h e   c o m p o n e n t s  

of  t h e   mould   s y s t e m   t o g e t h e r ,  

30  a t   l e a s t   s a i d   a n n u l a r   m e m b e r s   b e i n g   s e l e c t i v e l y  

r e p l a c e a b l e   w i t h   o n e s   of  v a r i a b l e   i n n e r   d i a m e t e r   o r  

l e n g t h .  

3.  A  m o d u l a r   mould  s y s t e m   a c c o r d i n g   to   c l a i m   2  w h i c h  

35  i n c l u d e s   an  a n n u l a r   o i l   p l a t e   p o s i t i o n e d   i m m e d i a t e l y   a b o v e  

t h e   mould   f o r   f e e d i n g   o i l   to  t h e   m o u l d ,   s a i d   p l a t e   b e i n g  

c o n n e c t e d   by  a  c o n d u i t   to  an  o i l   i n l e t   in  t h e   body   a n d  

b e i n g   r e p l a c e a b l e   w i t h   o n e s   of  v a r i a b l e   i n n e r   d i a m e t e r .  
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4.  A  m o d u l a r   mould   s y s t e m   a c c o r d i n g   to  c l a i m   2  or  3 

w h e r e i n   a t   l e a s t   p a r t   of  s a i d   c o o l i n g   w a t e r   f l o w   p a t h  

c o m p r i s e s   a  gap  b e t w e e n   t h e   w a t e r   b a f f l e   and  m o u l d .  

5  5.  A  m o d u l a r   mould   s y s t e m   a c c o r d i n g   to  c l a i m   2  or  3 

w h e r e i n   e l a s t o m e r i c   s p r i n g s   a r e   p r o v i d e d   b e t w e e n   t h e  

p r e s s u r e   r i n g   and  t h e   c o v e r   p l a t e .  

6.  A  m o d u l a r   mould   s y s t e m   a c c o r d i n g   to  c l a i m   2  or  3 

10  w h e r e i n   a  c o m p r e s s i b l e   i n s u l a t i n g   g a s k e t   is   p r o v i d e d  

b e t w e e n   t h e   i n s u l a t i n g   r i n g   and  t h e   c o v e r   p l a t e .  

7.   A  m o d u l a r   mould   s y s t e m   a c c o r d i n g   to   c l a i m   3  w h e r e i n  

t h e   b o t t o m   end  of  t h e   p r e s s u r e   r i n g   p r e s s e s   a g a i n s t   t h e   o i l  

15  p l a t e   and  p a r t   of  t h e   o i l   c o n d u i t   c o m p r i s e s   an  a n n u l a r   g a p  
b e t w e e n   t h e   p r e s s u r e   r i n g   and  h o l l o w   c y l i n d r i c a l   b o d y .  

8.  A  m o d u l a r   mould   s y s t e m   a c c o r d i n g   to  c l a i m   7  w h i c h  

i n c l u d e s   a  s e a l   b e t w e e n   t h e   p r e s s u r e   r i n g   and  h o l l o w  

20  c y l i n d r i c a l   b o d y   a b o v e   s a i d   a n n u l a r   g a p .  

9.  A  m e t h o d   f o r   t h e   p r o d u c t i o n   of  a l u m i n i u m   i n g o t s   b y  

d i r e c t   c h i l l   c o n t i n u o u s   c a s t i n g   w h i c h   c o m p r i s e s :  

25  (1)  f o r m i n g   a  m o d u l a r   mould  s y s t e m   c o m p r i s i n g   (a)  a  

h o l l o w   c y l i n d r i c a l   body   a d a p t e d   to  be  m o u n t e d   i n  

a  c a s t i n g   t a b l e ,   (b)  an  a n n u l a r   w a t e r   b a f f l e  

r e m o v a b l y   m o u n t e d   in  s a i d   b o d y ,   s a i d   b a f f l e  

h a v i n g   a  c e n t r a l   o p e n i n g   t h r o u g h   w h i c h   a  f o r m i n g  

30  '  i n g o t   p a s s e s   and  s a i d   b a f f l e   p r o v i d i n g   a  f l o w  

p a t h   f o r   c o o l i n g   w a t e r   to   f l o w   r a d i a l l y   i n w a r d l y  

f rom  t h e   body   and  d i s c h a r g e   i n w a r d l y   a n d  

d o w n w a r d l y   a g a i n s t   a  f o r m i n g   i n g o t   p a s s i n g  

t h r o u g h   t h e   c e n t r a l   o p e n i n g ,   (c)  an  a n n u l a r  

35  mou ld   r e m o v a b l y   m o u n t e d   in  t h e   b o d y   i m m e d i a t e l y  

a b o v e   t h e   w a t e r   b a f f l e   h a v i n g   a  c e n t r a l   f o r m i n g  

c a v i t y   f o r   f o r m i n g   a  m e t a l   i n g o t ,   s a i d   f o r m i n g  
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c a v i t y   h a v i n g   a  s m a l l e r   d i a m e t e r   t h a n   t h e  

c e n t r a l   o p e n i n g   of  t h e   w a t e r   b a f f l e ,   (d)  a n  

a n n u l a r   o i l   p l a t e   m o u n t e d   on  t op   of  t h e   m o u l d ,  

(e)  a  f e e d   i n l e t   f o r   m o l t e n   m e t a l   c o m p r i s i n g   a n  

5  i n s u l a t i n g   r i n g   r e m o v a b l y   m o u n t e d   w i t h i n   t h e  

body   i m m e d i a t e l y   a b o v e   t h e   mould  and  r e s t i n g   o n  

t h e   o i l   p l a t e ,   t he   o u t e r   d i a m e t e r   of  s a i d  

i n s u l a t i o n   r i n g   b e i n g   l e s s   t h a n   t h e   d i a m e t e r   o f  

t he   b o d y ,   (f)  a  p r e s s u r e   r i n g   r e m o v a b l y  

10  m o u n t e d   in  t h e   body   in  t he   a n n u a l   gap  b e t w e e n  

t he   body  and  t he   o u t e r   d i a m e t e r   of  t h e  

i n s u l a t i o n   r i n g   and  r e s t i n g   on  t h e   o i l   p l a t e ,  

and  (g)  a  c o v e r   p l a t e   a d a p t e d   to  c o m p r e s s   t h e  

c o m p o n e n t s   of  t he   mould  s y s t e m   t o g e t h e r ;  

15 

(2)  p o u r i n g   m o l t e n   a l u m i n i u m   i n t o   t h e   t o p   of  t h e  

mould  s y s t e m ;  

(3)  f o r m i n g   a  c o n t i n u o u s   i n g o t   in  t he   m o u l d  

20  s e c t i o n ;   a n d  

(4)  a p p l y i n g   c o o l i n g   w a t e r   d i r e c t l y   to  t h e   s u r f a c e  

of  t he   i n g o t   e m e r g i n g   f rom  t h e   mould   s e c t i o n ,  

25  w h e r e i n   t h e   d i a m e t e r   of  t h e   i n g o t   to  be  p r o d u c e d   i s   c h a n g e d  

by  c h a n g i n g   the   a n n u l a r   w a t e r   b a f f l e ,   a n n u l a r   mould   and  o i l  

sh im  w i t h   ones   of  a  d i f f e r e n t   i n n e r   d i a m e t e r .  

10.   A  m e t h o d   f o r   t he   p r o d u c t i o n   of  a l u m i n i u m   i n g o t s   b y  

30  d i r e c t   c h i l l   c o n t i n u o u s   c a s t i n g   w h i c h   c o m p r i s e s :  

(1)  f o r m i n g   a  m o d u l a r   mould  s y s t e m   c o m p r i s i n g   (a)  a  

h o l l o w   c y l i n d r i c a l   body   a d a p t e d   to  be  m o u n t e d   i n  

a  c a s t i n g   t a b l e ,   (b)  an  a n n u l a r   w a t e r   b a f f l e  

35  r e m o v a b l y   m o u n t e d   in  s a i d   b o d y ,   s a i d   b a f f l e  

h a v i n g   a  c e n t r a l   o p e n i n g   t h r o u g h   w h i c h   a  f o r m i n g  
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i n g o t   p a s s e s   and  s a i d   b a f f l e   p r o v i d i n g   a  f l o w  

p a t h   f o r   c o o l i n g   w a t e r   to  f l o w   r a d i a l l y   i n w a r d l y  

f rom  t h e   body   and  d i s c h a r g e   i n w a r d l y   a n d  

d o w n w a r d l y   a g a i n s t   a  f o r m i n g   i n g o t   p a s s i n g  

5  t h r o u g h   t h e   c e n t r a l   o p e n i n g ,   (c)  an  a n n u l a r  

mould  r e m o v a b l y   m o u n t e d   in  t h e   b o d y   i m m e d i a t e l y  

a b o v e   t h e   w a t e r   b a f f l e   h a v i n g   a  c e n t r a l   f o r m i n g  

c a v i t y   f o r   f o r m i n g   a  m e t a l   i n g o t ,   s a i d   f o r m i n g  

c a v i t y   h a v i n g   a  s m a l l e r   d i a m e t e r   t h a n   t h e  

10  c e n t r a l   o p e n i n g   of  t h e   w a t e r   b a f f l e ,   (d)  a n  

a n n u l a r   o i l   p l a t e   m o u n t e d   on  t op   of  t h e   m o u l d ,  

(e)  a  f e e d   i n l e t   f o r   m o l t e n   m e t a l   c o m p r i s i n g   a n  

i n s u l a t i n g   r i n g   r e m o v a b l y   m o u n t e d   w i t h i n   t h e  

body   i m m e d i a t e l y   a b o v e   t h e   mould   and  r e s t i n g   o n  

15  t h e   o i l   p l a t e ,   t h e   o u t e r   d i a m e t e r   of  s a i d  

i n s u l a t i o n   r i n g   b e i n g   l e s s   t h a n   t h e   d i a m e t e r   o f  

t h e   b o d y ,   (f)  a  p r e s s u r e   r i n g   r e m o v a b l y  

m o u n t e d   in  t h e   body   in  t h e   a n n u a l   gap  b e t w e e n  

t h e   body   and  t h e   o u t e r   d i a m e t e r   of  t h e  

20  i n s u l a t i n g   r i n g   and  r e s t i n g   on  t h e   o i l   s h i m ,  

and  (g)  a  c o v e r   p l a t e   a d a p t e d   to   c o m p r e s s   t h e  

c o m o n e n t s   of  t h e   mould  s y s t e m   t o g e t h e r ;  

(2)  p o u r i n g   m o l t e n   a l u m i n i u m   i n t o   t h e   t o p   of  t h e  

25  mould  s y s t e m ;  

(3)  f o r m i n g   a  c o n t i n u o u s   i n g o t   in  t h e   m o u l d  

s e c t i o n ;   a n d  

30  (4)  a p p l y i n g   c o o l i n g   w a t e r   d i r e c t l y   to  t h e   s u r f a c e  

of  t h e   i n g o t   e m e r g i n g   f rom  t h e   mould   s e c t i o n ,  

w h e r e i n   t h e   mould  s y s t e m   is  m o d i f i e d   to  c a s t   a  m o l t e n  

a l u m i n i u m   a l l o y   of  d i f f e r e n t   c o m p o s i t i o n   by  c h a n g i n g   t h e  

35  a n n u l a r   mould  w i t h   one  of  a  d i f f e r e n t   l e n g t h   and  a l s o  

c h a n g i n g   t h e   w a t e r   b a f f l e   w h e r e b y   t h e   t o t a l   l e n g t h   of  t h e  

a n n u l a r   mould   and  w a t e r   b a f f l e   r e m a i n   u n c h a n g e d .  
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